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other insects to treated surfaces (18). An effort is being made
to select the most logical approach to a standard evaluation of
such surface treatments (8).

The commercial popularity of aerosol insecticides has likewise
brought about a demand for a standard test method a8 a means
of evaluating the performance of aerosol bombs. Most methods
now in use simply require a test room in which to apply the
aerosol against actively flyving insects.

BIOLOGICAL ASSAY

Still.another objective of insecticide testing is biological sssay
a8 a supplement to chemical analysis. Such assays have been
proposed for the gamma isomer of benzene hexachloride, and
have been utilized as a check on chemical results in the study of
the nature of tetraethylpyrophosphate.

CONTROL OF VARIABLES

Other variables than the species of insect may be inherent in
the insect or they may be a matter of environment. Related to
the orgarism are the stage of the insect with respect to life cycle,
age within each stage, weight, and sex—all factors which can
affect profoundly the results of controlled tests. Environmental
factors of greatest importance are temperature, moisture or
humidity, and quality and quaatity of food. A thorough under-
standing of insect biology is therefore necessary for the most
effective work in testing insecticides.

Although the nonbiologist is likely to overlook the importance
of variation in the insects used for test purposes, the biologist
frequently underrates his’ ability to control the variables in
biological test material. The precision of individual assays is

greater when the homogeneity of the test population is increased

and as the procedure is further standardized. -The degree to
which control of variation in test insects and method should be
attempted depends upon the refinement which results warrant.
Increased control requires more time and equipment. It in-
creases the quality of results at the expense of quantity. On
the other hand, it provides more reliable data with fewer tests
involving smaller numbers of organisms.
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Use of DDT Insecticides on Food Products

O. Garth Fitzhugh
Food and Drug 4dministration, Federal Security Agency, Washington, D. C.

Because small amounts of DDT in animal food cause the
storage of large amounts in animal products which are
used in enormous quantities by man, the question of the
safety of DDT on and in food products becomes critically
important. Experiments with rats fed DDT over a period

of 2 years are discussed.

HE general availability and effectiveness of DDT a8 an
insecticide introduce the possibility of its widespread occur-
rence in food products. The most serious source of danger from
the use of DDT is the repeated ingestion of smail amounts that
cling to forage, fruits, and vegetables that have been treated with
thisinsecticide. The possibilities of acute poisoning in man from
the consumption of food products sprayed with DDT are so
limited that incidences of acute intoxication can be expected to
oceur only from gross carelessness.
Damage to the livers of animals fed repeated doses of DDT has
been observed extensively in laboratory animals (2, 4, 5). This
damage usually consists of bypertrophy of the centrolobular

hepatic cells, increased oxyphilia of their cytoplash with a slight
hyaline appearance, and peripheral segregation, basophilia, and
increased size of the hepatic cell cytoplasmic granules. In the
more marked examples on higher-dosage schedules, there are
focal hepatic cell necrosis and distortion of lobular architecture.
The livers of chronically fed rats are enlarged as much as 60%
and slices from these livers studied by standard Warburg pro-
cedure show a 407, decrease in oxygen utilization (3). The
level of DDT intake which shows histopathological lesions in
animals is much below that which shows significant gross effects
such as retardation of growth and hyperexcitability. The
author has observed slight damage to the livers of rats on levels
of DDT in the diet as low as 10 p.p.m. However, no gross
effects have occurred in rats fed less than 400 p.p.m. DDT.

The pathological lesions observed have revealed wide indi-
vidual variations in susceptibility to poisoning in a given animal
species. Nevertheless, the type of lesion has been consistent
throughout the different species.

The storage of DDT in the tissues, especially in the falty
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tissues of animals ingesting small amounts, has been demon-
strated in cows, monkeys, dogs, rats, rabbits, and poultry (7-9,
11). DDT has been shown to be secreted in the milk of cows,
goats, dogs, and rats (8, 9, 11). Other animals fed the milk
from the DDT-treated animals showed toxic symptoms. All the
DDT in the milk appears to be concentrated in the butterfat
portion and to be transferred to the butter (6); therefore, a
relatively small amount of DDT in the whole milk results in a
significant amount in the butter. The quaatities of DDT that
are stored apparently dépend both on the level of ingestion and
on the length of time over which the intake occurs. With low
dosage levels, it has been shown in rats that a maximum storage
level appears to be reached in about 2 months. However,
with higher dosage levels there is continual storage of additional
DDT (10). In long term experiments dosage levels of DDT from
10 to 200 p.p.m. in the diet produce relatively similar amounts of
DDT in the fat (Table I). An animal may store amounts equiva-
lent to several acute intravenous lethal dcses without showing
any obvious signs of intoxication. The accumulation of ap-
preciable quantities of DDT in animal tissues at iow dietary
levels (all levels appear to produce storage in fat) poses a difficult
problem, since many animal products are used for human con-
sumption. This may be especially important in the case of
infants, whose chief food is milk. The presence of small amounts
of DDT in animal food, therefore, assumes the same importance
as relatively larger amounts on fruits and vegetables consumed
directly by man.

Tasie I. DDT ConTenT OoF PERIRENAL FaT oF InDIVIDCTAL
RaTs FoLLowing INGEsTION 0OF DDT FOR 2 YEARS

DDT Content of Diet, DDT Content of Perirenal Fat,
P.P.M, P.P.M

10 . 119 4
10 270

100 103

100 129

200 313

200 158

400 1001

400 968

800 4220

The withdrawal of food from animals on high dosage levels of
DDT produces characteristic DDT tremors. This effect occurs
both in starvation experiments with DDT-treated animals and in
DDT-treated animals made sick by an infection (2). In the
Iatter case the animals supposedly were metabolizing their body
{at contsining the DDT in the same manner as a starved animal.
This effect could be important in cases of human illness where

is an appreciable storage of DDT in the body.

After the cessation of exposure to DDT, fat storage in rats is
feduced in 15 to 30 days to a negligible level (1). Furthermore,

ivers of animais fed DDT recover rapidly and show a normal
&ppearance in 8 to 10 weeks (2).

Crystals of Pure DDT

Wd about 69 times
Magnified about 260
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Reproduction studies in progress in this laboratory show
that 50 p.p.m. DDT in the diet reduce the number of young
rats that live through the nursing period (Table II). DDT in a
concentration as high as 600 p.p.m. in the diet did not affect the
number of living young at birth in the first generation. How-
ever, in the second generation there were very few living young
at birth in the group on 600 p.p.m. DDT and none of these lived
through the nursing period. No effect on reproduction has
occurred with 10 p.p.m. DDT.

Errecr oF DDT o~ REPRODUCTION IN RaTs

Dosage Level, P.P.M. in Diet
600 100 50 10 g

TasLe 11

No. of litters

No. of living young at birth 3
Average weight at birth, grams 5.
Young weaned, % 31.

(=1 1T 3

CONCLUSIONS

Significant amounts of DDT are stored in the body tissues of
animals, especially in adipose tissues, at levels in the diet as low
as 10 p.p.m.

Histopathological lesions occur in the livers of rats fed 10
p.p-in. DDT in their diet for 2 years.

Individual susceptibility to the toxic effects of DDT varies
markedly within any given species.

Gross effects such as retardation of growth and hyperexcit~
ability do not occur in animals at the low levels of DDT intake
which produce significant liver damage.

Relatively high dosages of DDT in the diet ma.rkedly affect
reproduction in rats. Dosage levels of 50 p.p.m. DDT reduce
the number of weanling rats.
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